ABSTRACT: Steers of known percentage Brahman (B) and Angus (A) breeding (100% A, n = 6; F 1 B × A, n = 6; and 100% B, n = 6) were used to determine the effect of calcium chloride injection on the calpain proteinase system and meat tenderness. The steers were slaughtered in six replications (at either 9 or 14 mm of backfat, determined ultrasonically), with each breed type represented. Calpains and calpastatin activities were measured on fresh, prerigor longissimus muscle samples. Carcass data were collected after a 24-h chill, and the short loin (IMPS #180), top sirloin (IMPS #184), and top round (IMPS #168) were removed from both sides of each carcass. The cuts from the right side were then injected at 5% (wt/wt) with CaCl 2 solution (2.2%). Longissimus muscle calpain and calpastatin activities were also measured at 48 h postmortem from the injected and control sides of each carcass. WarnerBratzler shear force was measured on steaks from the
Introduction
The issue of tenderness, and particularly consistency, continues to be important to the beef industry. Improving tenderness has been identified as a critical need by both the National Beef Quality Audit and the Beef Industry Long Range Task Force. Calcium-activated tenderization (CAT) is a postmortem procedure that has been successful in enhancing beef tenderness Wheeler et al., 1992; Whipple and Koohmaraie, 1993) . The CAT process involves the injection of calcium chloride and uses the calpain proteinase system to enhance the degree of postmortem proteolysis and, thereby, increase tenderness The authors would like to thank the Georgia Beef Board and Florida Beef Council for their support of this research. 2 To whom correspondence should be addressed (phone: (706) 542-0997; fax: (706) 542-0399; E-mail: dpringle@arches.uga.edu).
Received November 20, 1998 . Accepted June 11, 1999 3230 three subprimals aged 1, 2, 5, 15, or 31 d. Marbling scores and USDA quality grades were higher (P < .05) in A than in F 1 B × A and B carcasses. Calpastatin activity was higher (P < .05) in muscle from B than in muscle from A and F 1 B × A steers, and postmortem storage (0 vs 48 h) and CaCl 2 injection reduced (P < .05) the activity of the calpains and calpastatin. Strip loin and top sirloin steaks from A and F 1 B × A steers were more tender (P < .05) than steaks from B steers; however, top round steak tenderness did not differ (P > .05) across breed type. Calcium injection improved strip loin and top sirloin steak tenderness, but it did not affect top round steak tenderness. Collectively, these data show that CaCl 2 injection can be used to improve meat tenderness, with similar responses shown in cattle containing 0, 50, and 100% B inheritance. However, even with CaCl 2 injection, B steaks are less tender than their A and F 1 B × A counterparts.
araie et al., 1990) . Although the natural postmortem tenderization process uses primarily µ-calpain (the lowcalcium form), CAT uses the tenderizing potential of both µ-and m-calpain (the high-calcium form). This postmortem process may hold particular promise for cattle producers in the Southeast because of its potential for improving the tenderness and consistency of beef produced from cattle containing Brahman breeding. This process has been shown to improve tenderness in Brahman-influenced steers ; however, there has been little work done comparing calcium-activated tenderization of cattle with varying percentages of Brahman breeding. Therefore, this study was designed 1) to investigate the impact of calcium chloride injection on the calpain proteinase system in cattle of known percentages of Angus and Brahman breeding and 2) to determine the potential of calcium injection to tenderize strip loin, top sirloin, and top round steaks from these cattle.
Materials and Methods
Experimental Design. Steers of three breed types, Angus (n = 6), Brahman (n = 6), and F 1 Brahman × Angus (n = 6), were selected from an ongoing breeding project at the University of Florida Pine Acres Research Farm in Citra. All steers were raised under the management system discussed by Pringle et al. (1997) . The steers were humanely slaughtered following standard industry practices at the University of Florida Meat Processing Center in Gainesville. Steers were slaughtered in six replicated groups of three; each breed type was represented and all the steers in a group had 9 or 14 mm of backfat. Within 45 min after exsanguination, a 2.54-cm longissimus muscle sample was removed from the left side of the carcass, opposite the last lumbar vertebra, for determination of calpain (µ-and m-) and calpastatin activities. The carcasses were chilled for 24 h, and USDA yield and quality grade factors were measured by trained personnel at the University of Florida (USDA, 1989) . Following collection of carcass grade data, carcasses were fabricated by University of Florida personnel according to the National Association of Meat Purveyors/ Institutional Meat Purchase Specifications (IMPS) (NAMP, 1992) . The following IMPS cuts were removed from each side of each carcass: 168 Top Round (further separated into the semimembranosus and adductor muscles), 180 Strip Loin, Boneless, and 184 Top Sirloin Butt. Cuts were trimmed to .64 cm of external fat and labeled, keeping right and left sides separate. One steak (2.54 cm) from each IMPS cut (right and left side) was removed at 24 h, vacuum-packaged in oxygen barrier bags (Cryovac B620, Duncan, SC), frozen, and stored at −18°C for shear force analysis at d 1.
Upon completion of fabrication, IMPS cuts (168 with adductor removed and 180 and 184) from the right side of each carcass were injected with a 2.2% calcium chloride solution (wt/vol), using food-grade calcium chloride (General Chemical Canada Ltd., Mississauga, Ontario, Canada) . Cuts from the left side served as uninjected controls. The strip loin, top sirloin, and semimembranosus muscle from the right side of each carcass were pumped (fat side down) at 5% (wt/wt) with the 2.2% CaCl 2 solution using a 10-needle Inject-o-Mat machine (Dorit Maschinen-Handels AG, Killwangen, Switzerland). Cuts were equilibrated for 5 min and then weighed to determine final percentage pump. Cuts were then held for 24 h in lug pans, keeping CaCl 2 -injected cuts and control cuts separated.
At 48 h postmortem (24 h postinjection), one steak (2.54 cm) was removed from the posterior end of each strip loin (both right and left side) for postinjection calpain (µ-and m-) and calpastatin analysis. From each of the IMPS cuts, four steaks (2.54 cm) were removed and randomly assigned to one of four aging times (2, 5, 15, or 31 d postmortem). Steaks were vacuum-packaged and, following the appropriate aging period, frozen at −18°C for subsequent shear force analysis. An additional two steaks from the strip loin and one steak from the semimembranosus were removed, vacuumpackaged, aged a total of 5 d at 2°C, and then frozen at −18°C for subsequent sensory panel evaluation.
Calpain and Calpastatin Activities. Activities of the calpains and calpastatin were measured in one sample at 45 min (prerigor) and two samples at 48 h (either postrigor or postinjection) postmortem. The extraction, separation, and determination of calpain and calpastatin activities was conducted according to Koohmaraie (1990) as previously modified by Pringle et al. (1997) . Samples (50 g) were trimmed of visible fat and connective tissue, homogenized in 2.5 volumes of extraction buffer (50 mM Tris, 10 mM EDTA, and 10 mM β-mercaptoethanol [MCE], pH 8.3), and shipped overnight on ice to The University of Georgia. Two proteinase inhibitors (final concentration: 2 mM, phenylmethylsulfonylfluoride; 5 µM, trans-epoxysuccinyl-L-leucylamide-(4-guanidino)-butane, E-64) were added to the extraction buffer immediately prior to homogenization, to ensure that no proteolysis occurred during transportation. Upon arrival at The University of Georgia, the homogenate was centrifuged, filtered through cheesecloth and glass wool, and dialyzed overnight (40 mM Tris, 5 mM EDTA, and 10 mM MCE, pH 7.5). Following dialysis, the samples were centrifuged, filtered, and loaded gravimetrically onto anion-exchange columns (DEAE-Sephacel; Sigma Chemical Co., St. Louis, MO). Columns were then washed with elution buffer (50 mM Tris, 1 mM EDTA, and 10 mM MCE, pH 7.5) and eluted using a linear NaCl gradient (25 to 350 mM) in elution buffer.
Activities of the calpains and calpastatin were determined using a casein solution (100 mM Tris, 5 mM CaCl 2 , 5 mg/mL casein, and 1 µL/mL MCE, pH 7.5). One unit of calpain activity was defined as the amount of enzyme required to cause an increase of 1.0 optical density unit at 278 nm in 1 h at 25°C. One unit of calpastatin was defined as the amount of inhibitor that inhibits one unit of DEAE-purified m-calpain activity.
Tenderness and Palatability Measurements. WarnerBratzler shear (WBS) force was measured on steaks from the strip loin, top sirloin, and top round (semimembranosus only) aged for 1, 2, 5, 15 or 31 d. All the steaks from one replication that were aged for the same time period were evaluated on the same day. Steaks for WBS were thawed overnight at 4°C and broiled (Farberware No. 455 Open-Hearth broiler, Yonkers, NY) to an internal temperature of 71°C (AMSA, 1995) . Internal temperature was monitored with copper-constantan thermocouples (Omega Engineering, Stamford, CT) placed in the approximate geometric center of each steak and attached to a potentiometer (Speedomax-165, Leeds and Northrup, North Wales, PA). Final cooked weights were taken to determine cooking loss, and steaks were held until room temperature was reached (at least 2 h). A minimum of six cores, 1.27 cm in diameter, were removed parallel to the long axis of the muscle fibers and sheared with an Instron Universal Testing Machine Model 1011 (Instron Corporation, Canton, MA) equipped with a Warner-Bratzler attachment (crosshead speed = 200 mm/min). Shear force values were determined by averaging the values of six cores. Means in the same row with different superscripts differ (P < .05).
Trained sensory analysis was performed according to AMSA (1995) on steaks from the strip loin and top round (semimembranosus only) aged for 5 d. Eight to eleven trained sensory panelists were used to evaluate palatability differences among steaks from different breeds and treatments. For sensory analysis, steaks were thawed and cooked in the same manner as those used to measure WBS. External fat was removed and steaks were cut into 2.54-× 1.27-× 1.27-cm cubes and served warm to the panel; panelists received two cubes per sample. Panelists evaluated either four or six samples per session (two sessions daily) for juiciness (1 = extremely dry to 8 = extremely juicy), beef flavor intensity (1 = extremely bland to 8 = extremely intense), overall tenderness (1 = extremely tough to 8 = extremely tender), amount of detectable connective tissue (1 = extremely abundant amount to 8 = none detected), and off-flavor (1 = extreme off-flavor to 6 = none detected). Evaluations occurred over a 2-wk period; all top round (semimembranosus only) steaks were evaluated during the 1st wk and all strip loin steaks during the 2nd wk.
Statistical Analysis. Statistical analysis was done using the GLM procedure of SAS (1985) for a split-splitsplit plot design. Due to differences in the responses of muscles, the tenderness data were reanalyzed by muscle using a split-split plot design. The effect of slaughter group (replication) was analyzed, found to be nonsignificant, and removed from the model. Least squares means were generated with the LSMEANS procedure and separated with either single degree of freedom contrasts or the PDIFF procedure of SAS (1985) .
Results and Discussion
Carcass Characteristics. Carcass data for the 18 steers used in this study are shown in Table 1 . Actual backfat was greater for the F 1 Brahman × Angus (F 1 B × A) than for either of the purebred groups. However, when backfat was adjusted for fatness over the entire carcass, there were no significant differences in this measure.
This resulted in a lack of difference (P > .05) in USDA yield grade across breed type. Relative to USDA quality grade factors, the data from this population are consistent with most other findings comparing cattle varying in the percentage of Bos indicus breeding (Crouse et al., 1989; Huffman et al., 1990; Pringle et al., 1997) . These data showed that carcasses from the F 1 B × A and Brahman steers had significantly lower marbling scores and USDA quality grades than the carcasses from Angus steers. Collectively, the carcass data show that this population of cattle are representative of their respective breed types, showing differences consistent with earlier research.
The Calpain Proteinase System. The calpain proteinase system was measured on three distinct samples from each steer, the first sample being removed immediately postmortem. The remaining two samples were removed at 48 h postmortem, one coming from the uninjected side and the other from the calcium-injected side. These samples were used to determine the effect of postmortem storage (0 h postmortem vs 48 h postmortem, uninjected) on the activity of the calpain proteinase system (Table 2) and to determine the effect of the injection treatment (48 h postmortem, uninjected vs 48 h postmortem, calcium-injected) on that enzyme system (Table 3) .
Activity of the calpain proteinase system, and in particular calpastatin, seems to be related to tenderness in cattle with Brahman breeding. Most of the previous research has reported elevated calpastatin activity in cattle with Brahman breeding Shackelford et al., 1991; Pringle et al., 1997) . The data on calpastatin activity in this study are consistent with those findings (Table 2) . Differences in the calpain proteinase system across sampling time are also shown in Table 2 . Reductions in the activities of both enzymes and calpastatin over time postmortem have been reported previously (Koohmaraie et al., 1987; . In the present study, the activity of µ-calpain, m-calpain, and calpastatin after 48 h of aging was ap- Means within a main effect and in the same column with different superscripts differ (P < .05).
proximately 20, 56, and 46% of the prerigor values, respectively. Boehm et al. (1998) reported similar findings for the reduction in activity of the calpain proteinase system over time postmortem. There was also a breed type × sampling time interaction for µ-calpain activity. This interaction showed that µ-calpain activity in the prerigor sample (0 h) was higher in F 1 B × A Means within a main effect and in the same column with different superscripts differ (P < .05). than in either of the purebreds, but there was no breed type difference in µ-calpain activity at the postrigor sampling time (48 h).
There has been some debate about whether differences in calpastatin activity between Bos taurus and Bos indicus cattle are present in prerigor muscle or occur only after rigor formation. Whipple et al. (1990) reported no difference in calpastatin activity at 0 h in muscle from Bos indicus crossbred steers compared to muscle from Bos taurus steers but reported significantly higher calpastatin activity in the muscle from Bos indicus crossbred steers after 24 h. In the current study, calpastatin activity was 28% higher in the purebred Brahman steers than the average of the Angus and F 1 B × A steers ( Table 2 ). The lack of a significant breed type × sampling time interaction agrees with the findings of Shackelford et al. (1991) , suggesting that differences in calpastatin activity occur in both pre-and postrigor muscle from cattle with Bos indicus breeding compared to muscle from Bos taurus cattle.
In Table 3 , activities of the calpain proteinase system measured at 48 h postmortem across breed type and injection treatment are presented. Calcium injection seems to tenderize meat by activating residual µ-and m-calpain activity in the muscle, bringing about a greater degree of postmortem protein degradation (Koohmaraie et al., 1988) . During this time, the calpains must overcome the inhibitory effects of calpastatin to cause proteolysis. Brahman cattle had higher calpastatin activities than either Angus or F 1 B × A cattle, which suggests that calcium injection would not be as effective in improving meat tenderness in purebred Brahman cattle as in Angus cattle. In the current study, calcium injection caused a 75, 77, and 34% decrease in the activity of µ-calpain, m-calpain, and calpastatin, respectively. This agrees with Wheeler et al. (1992) , who reported reductions in all three components of the calpain proteinase system with calcium injection at 24 h postmortem. The reduction in activity of the proteinases is reportedly caused by autolytic activation of the proteinases by calcium, followed by autolytic inactivation once substrates for the proteinases become limiting. Thus, a reduction in the activity of the calpains is an indicator of prior activation and generally results in increased muscle proteolysis and tenderness (Koohmaraie, 1992) . The reduction in calpastatin activity is also believed to occur through the activation of the calpains. Whipple and Koohmaraie (1993) suggested that m-calpain activation through calcium marination could increase hydrolysis of calpastatin, causing a loss of its regulatory activity. The response of the calpain proteinase system to calcium injection in the present study seems consistent with findings from other researchers Wheeler et al., 1992) .
Meat Tenderness and Palatability. Based on the findings for the calpain proteinase system, protein degradation seemed to be enhanced by calcium injection and should result in more tender product. To determine Means within a main effect and in the same column with different superscripts differ (P < .05).
whether the response in the calpain system was in fact causing tenderness differences, shear force was measured in strip loin, top sirloin, and top round steaks. These muscles differ in composition, aging response, and the amount of connective tissue present (McKeith et al., 1985) , which may affect the tenderization potential of calcium injection. The main effects of breed type, injection treatment, and aging response, along with their interactions, were investigated for each muscle (Table 4 ). In addition, least squares means and standard errors for the interaction of breed type, injection treatment, and aging time are presented in Table 5 . Even though these three-way interactions were not significant (P > .75), the means are presented for completeness. Table 4 shows the response of purge loss, cooking loss, and shear force across the main effects for the strip loin steaks. None of the two-way interactions for strip loin steaks was significant (P > .20). As reported by other researchers (Pringle et al., 1997) , shear force was approximately 30% higher in the Brahman cattle than the average of the Angus and F 1 B × A, which did not differ (P > .05). Calcium injection caused a significant reduction in shear force; thus, the findings for the calpain proteinase system seem to correspond to differences in tenderness. The lack of a breed type × injection treatment interaction implies that calcium injection was equally effective in improving meat tenderness from Brahman cattle and Angus and F 1 B × A cattle. However, this also indicates that the improvement in Brahman meat tenderness does not make it equivalent in tenderness to meat from F 1 B × A and Angus. In addition to a decrease in shear force, calcium injection resulted in greater purge loss. The response to aging in the strip loin steaks followed the classical model, with the greatest increase in tenderness occurring in the first 5 d (Koohmaraie et al., 1987) .
Tenderness of top sirloin steaks responded similarly to tenderness of strip loin steaks, except that the response to aging was not as great in the top sirloin steaks as in the strip loins (Table 4) . Additionally, there were significant breed type × injection treatment and breed type × aging period interactions for top sirloin tenderness (Table 6 ). The breed type × injection treatment interaction showed that the response to calcium injection was more than double in the Brahman cattle compared with either the Angus or F 1 B × A. Although calcium injection improved meat tenderness in Brahman cattle, the calcium-injected Brahman steaks were still significantly tougher than the uninjected and calcium-injected meat from the other breed types. The breed type × aging time interaction showed that the response to aging was greater in the Brahman cattle, which showed a 2.5-kg improvement in 31 d, compared with 1.8-and 1.4-kg improvements over the same time period in Angus and F 1 B × A, respectively. However, comparison of the various breed types at different aging times showed that Brahman meat was tougher than meat from the other breed types up to 5 d of aging and tougher than meat from Angus cattle after 15 d of aging.
Tenderness in top round steaks did not change as expected based on the response of strip loins and top sirloins. Even though there was a numerical difference in shear force across breed type, there was no statistical difference (Table 4) . Furthermore, there was no improvement in shear force brought about by calcium injection in the top round (semimembranosus muscle only). Similar findings have been reported by other researchers when marinating muscles from the round with calcium (Whipple and Koohmaraie, 1993) and from P-value for interaction (P = .90).
c P-value for interaction (P = .79).
d P-value for interaction (P = .99).
our laboratory using muscles from the rounds of mature cows (DeYonge-Freeman et al., 1999) . However, other researchers have reported that calcium injection of top round roasts resulted in significantly lower shear force values (Wheeler et al., 1993; Milligan et al., 1997) . The reason for this discrepancy is unclear. The response to aging was less in the top round steaks than in either of the other steak types. In fact, the response to aging was not a linear increase in tenderness; the only real improvement in tenderness occurred between 5 and 31 d of aging. Means within a variable with different superscripts differ (P < .05).
Trained sensory panel evaluation of strip loin steaks, aged 5 d, showed that juiciness scores were higher (P < .05) in strip loin steaks from Angus steers than in steaks from F 1 B × A and Brahman steers (Table 7) . Conversely, strip loin steaks from Brahman steers were significantly less flavorful, less tender, and had higher connective tissue scores than Angus and F 1 B × A steaks. These results are consistent with previous findings in the same population of cattle (Pringle et al., 1997) , as well as others (Crouse et al., 1989; Johnson et al., 1990) . Calcium injection of strip loin steaks resulted in lower (P < .05) juiciness and less (P < .05) detectable connective tissue and tended to increase tenderness scores. Angus top round steaks were more tender (P < .05) and had less detectable connective tissue (P < .05) than top round steaks from Brahman steers; those from F 1 B × A steers were intermediate and not different from either purebred. Panelists did not find a tenderness difference in top round steaks due to calcium injection. However, they did detect more offflavors (P < .05) in Brahman top round steaks than in Angus steaks and more off-flavors (P < .05) in calcium chloride-injected than in control strip loin and top round steaks. Wheeler et al. (1993) reported similar results for sensory tenderness and off-flavor scores of calciuminjected semimembranosus muscle. However, Milligan et al. (1997) reported that calcium injection improved tenderness scores and reduced shear force of muscles from the beef round. Means within a steak type and main effect in the same column with different superscripts differ (P < .05).
Implications
Quality grade measures in carcasses from F 1 Brahman × Angus (F 1 B × A) steers seem to be more similar to their Brahman than to their Angus counterparts. However, in terms of the calpain proteinase system and meat tenderness, F 1 B × A seem to more closely resemble their Angus than their Brahman parentage. The lack of a breed type × calcium injection interaction for the longissimus muscle suggests that the response to calcium injection should be equal across breed types, but gluteus medius muscle from Brahman cattle may be more responsive to calcium injection than the same muscle from Angus and F 1 B × A. Overall, meat tenderness seems acceptable for F 1 B × A cattle, and calcium injection is an efficacious method for improving tenderness in cattle of diverse genotypes. However, in cattle with greater than 50% Brahman breeding, calcium injection should probably be coupled with some other form of tenderization, such as electrical stimulation or extended aging.
